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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the  "Recommended 
Guidelines  for  Safety  Inspection  of  Dams,"  for  Phase  I  Investigations. 

Copies  of  these  guidelines  may  be  obtained  from  the  Office  of  Chief  of 
Engineers,  Washington,  D.C.  20314.  The  purpose  of  a  Phase  I  Investigation 
is  to  identify  expeditiously  those  dams  which  may  pose  hazards  to 
human  life  or  property.  The  assessment  of  the  general  condition  of  the 
dam  is  based  upon  available  data  and  visual  inspections.  Detailed  investi¬ 
gation  and  analyses  involving  topographic  mapping,  subsurface  investigations, 
testing,  and  detailed  computational  evaluations  are  beyond  the  scope  of  a 
Phase  I  Investigation;  however,  the  investigation  is  intended  to  identify 
any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported  condition 
of  the  dam  is  based  on  observations  of  field  conditions  at  the  time  of 
inspection  along  with  data  available  to  the  inspection  team.  In  cases  where 
the  reservoir  was  lowered  or  drained  prior  to  inspection,  such  action,  while 
improving  the  stability  and  safety  of  the  dam,  removes  the  normal  load  on 
the  structure  and  may  obscure  certain  conditions  which  might  otherwise  be 
detectable  if  Inspected  under  the  normal  operating  environment  of  the 
structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on  numerous 
and  constantly  changing  Internal  and  external  conditions,  and  is 
evolutionary  in  nature.  It  would  be  incorrect  to  assume  that  the  present 
condition  of  the  dam  will  continue  to  represent  the  condition  of  the  dam 
at  some  point  in  the  future.  Only  through  frequent  inspections  can 
unsafe  conditions  be  detected  and  only  through  continued  care  and  main¬ 
tenance  can  these  conditions  be  prevented  or  corrected. 

Phase  I  Inspections  are  not  intended  to  provide  detailed  hydrologic  and 
hydraulic  analyses.  In  accordance  with  the  established  guidelines,  the 
spillway  design  flood  is  based  on  the  estimated  "Probable  Maximum  Flood" 
for  the  region  (greatest  reasonably  possible  storm  runoff) ,  or  fractions 
thereof.  The  spillway  design  flood  provides  a  measure  of  relative  spillway 
capacity  and  serves  as  an  aid  in  determining  the  need  for  more  detailed 
hydrologic  and  hydraulic  studies,  considering  the  size  of  the  dam,  its 
general  condition  and  the  downstream  damage  potential. 


PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 


NAME  OF  DAM: 

STATE : 

COUNTY: 

STREAM: 

DATE  OF  INSPECTION: 


Broad  Creek  Dam 
Maryland 
Harford 
Broad  Creek 
July  13,  1979 


ASSESSMENT:  Based  on  the  evaluation  of  the  conditions  as  they  existed  on 
the  date  of  the  inspection  and  as  revealed  by  visual  observations,  the 
condition  of  Broad  Creek  Dam  is  assessed  to  be  good.  This  dam  is  a 
small  size  Class  I  structure. 

The  spillway  capacity  (50  percent  PMF)  is  classified  as  inadequate  because 
it  will  not  pass  the  recommended  spillway  design  flood  of  full  Probable 
Maximum  Flood  (PMF)  according  to  the  recommended  criteria.  However,  over¬ 
topping  of  the  dam  by  PMF  is  judged  not  to  cause  a  breach  of  sufficient 
magnitude  to  increase  the  loss  of  life  downstream.  Consequently,  additional 
hydraulic  studies  and  remedial  work  to  increase  spillway  capacity  are  not 
necessary. 

The  following  remedial  measures  and  recommendations  should  be  implemented  as 
soon  as  possible,  except  that  item  1  should  be  repaired  immediately: 

Dam  and  Appurtenant  Structures. 

1.  Repair  the  downstream  abutment  wing  wall  foundation  at  the  right 
side  of  the  spillway. 

2.  Correct  surface  drainage  concentration  and  erosion  at  the  toe 
of  the  downstream  embankment  slope  at  the  right  abutment. 

3.  Remove  woody  vegetation  from  the  embankment  slopes. 

4.  Repair  the  spalled  concrete  on  the  overflow  spillway  face. 

5.  Repair  the  leak  in  the  sluice  gate  for  the  reservoir  drain. 

6.  Remove  timber  debris  from  the  spillway. 

7.  Post  weight  limit  on  the  bridge  over  the  spillway. 
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Operation  and  Maintenance  Procedures . 

1.  Document  operation  and  maintenance  procedures  in  writing. 

2.  Develop  a  warning  system  to  warn  downstream  residents  of  large 
spillway  discharges  during  periods  of  heavy  rainfall  and  runoff 
or  failure  of  the  dam. 


SUBMITTED  BY 


WATER  RESOURCES  ADMINISTRATION 
DAM  SAFETY  DIVISION 
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APPROVED  BY: 
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.James  W.  Peck,  Colonel 
(Jorps  of  Engineers 
District  Engineer 
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PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 
BROAD  CREEK  DAM 
NDI  NO.  MD  00017 

SECTION  1 

PROJECT  INFORMATION 


1.1  General 


a.  Authority.  The  inspection  was  performed  pursuant  to  the 
authority  granted  by  the  National  Dam  Inspection  Act,  Public  Law  92-367, 
to  the  Secretary  of  the  Army,  through  the  Corps  of  Engineers,  to  conduct 
inspections  of  dams  throughout  the  United  States. 

b.  Purpose .  The  purpose  of  this  inspection  is  to  determine  if 
the  dam  constitutes  a  hazard  to  human  life  or  property. 

1.2  Discription  of  Prolect. 

a.  Dam  and  Appurtenances.  Broad  Creek  Dam  consists  of  an  ogee 
shaped  concrete  overflow  spillway,  180  feet  in  length,  with  zoned  earthen 
embankments  80  feet  in  length  on  the  left  side  and  70  feet  in  length  on 
the  right  side.  The  slope  configuration  is  2H  to  IV,  both  upstream  and 
downstream,  and  the  maximum  depth  of  fill  is  approximately  10  feet. 

Concrete  retaining  walls  with  wing  walls  on  the  upstream  and  downstream 
sides  are  located  between  each  end  of  the  spillway  and  the  earthern 
embankments.  The  spillway  crest  is  at  elevation  178.0,  the  top  of  abutment 
walls  at  elevation  190.0  and  the  stream  bed  at  elevation  153.6  yielding 

a  dam  height  of  24.4  feet  at  the  overflow  section  and  36.4  feet  at  the 
embankment.  A  drain  opening  4  feet  by  4  feet,  extends  through  the  left 
side  of  the  overflow  section  with  the  control  structure  and  gate  located  on 
the  downstream  face. 

A  bridge,  180  feet  in  length  with  20  foot  bays,  spans  the 
overflow  spillway.  The  retaining  walls  at  each  end  of  the  spillway  form  the 
bridge  abutments,  and  the  interior  bays  are  supported  by  steel  columns 
resting  upon  steel  bearing  plates  on  upper  face  of  the  ogee  section. 

The  primary  structural  elements  of  the  bridge  are  steel  with  timber 
decking  and  guardrails. 

b.  Location.  Broad  Creek  Dam  is  located  on  Broad  Creek  in 
Harford  County,  Maryland.  The  structure  is  approximately  2.5  miles  from 
the  confluence  with  the  Susquehanna  River  which  is  4  miles  upstream  from 
Conowlngo  Dam. 

c.  Size  Classification.  The  maximum  height  of  the  dam  is  36.4 
feet.  The  reservoir  volume  to  the  top  of  the  dam  at  elevation  190.0  is 
958  acre-feet.  Therefore,  the  dam  is  in  the  "small"  size  category. 
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d.  Hazard  Classification.  Loss  of  life  and  property  would  likely 
result  from  a  failure  of  the  dam.  Also  loss  of  the  State  Road  #623 
bridge  would  likely  result.  Based  on  the  above,  the  dam  is  classified  in 
the  high  hazard  category. 

e.  Ownership.  The  Broad  Creek  Dam  is  owned  by  the  Baltimore  Area 
Council  of  the  Boy  Scouts  of  America. 

f.  Purpose  of  Dam.  The  primary  purpose  of  the  dam  is  to  provide  a 
reservoir  for  recreation. 

g.  Design  and  Construction  History.  Broad  Creek  Dam  was  designed 
during  1947  and  constructed  during  the  winter  of  1947  and  1948.  Design 
and  construction  drawings  were  prepared  by  Whitman  Requardt  and  Associates. 
The  contractor  for  the  dam  is  unknown  and  the  only  construction  record 
consists  of  a  design  profile  marked  in  red  pencil  to  indicate  concrete 
pour  limits  and  the  horizon  of  the  rock  foundation. 

h.  Normal  Operating  Procedures.  Operating  procedures  are  un¬ 
written,  but  the  reservoir  is  normally  drained  during  the  winter  months. 

1.3  Pertinent  Data 


a.  Drainage  Area  The  Broad  Creek  Dam  has  a  drainage  area  of 
30.99  square  miles. 

b.  Discharge  at  Dam  Site  The  maximum  discharge  at  the  dam  site 
through  the  ungated  spillway  at  elevation  178.0  is  28,957  cubic  feet/sec. 

The  maximum  flood  at  the  dam  site  is  unknown. 

c.  Elevation  (Report  Datum  at  normal  pool  elevation  178  obtained 

from  U.S.G.S.  Quadrangle  sheet;  normal  pool  elevation  according  to  design  plan 
datum  is  105.) 

Top  of  Bridge  Deck 
Top  of  Spillway  Abutment  Walls  & 

Spillway  Crest 
Normal  Tailwater 
Drain  Invert  Elevation 
Streambed  at  centerline  of  dam 

d.  Reservoir  Lengths  (miles) 

Length  of  maximum  pool  1.9 

Length  of  normal  pool  1.0 

e.  Storage  (acre-feet) 


191.5 

Embankment  190.0 
178.0 
159.8 
159.0 

153.6 


Normal  pool 
Top  of  dam 


254  <?  elev.  178 
958  @  elev.  190 


f .  Reservoir  Surface  (acres) 

Normal  pool 

g.  Dam 
Type 

Length  (feet) 

Height  (feet) 

Base  width  (feet) 

Side  Slopes  (over  flow  section) 

(abutments) 

h.  Diversion  and  Regulating  Tunnel 

i.  Spillway 
Type 

Length  of  weir  (feet) 

Crest  elevation 
Gates 


40.17 


Concrete  gravity, 
earthen  fill  abutments 
330 

36.4 

28.5 

Vertical  upstream 
Ogee-shaped  downstream 
2H:  IV  up  and  downstream 

-  None 


Concrete  ogee 
180 
178 
None 


j •  Regulating  Outlets  (Drain)-  One  48"  x  48"  Chapman  rectangular 
sluice  gate  mounted  on  downstream  face  of  spillway. 
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SECTION  2 
ENGINEERING  DATA 


2.1  Design: 

a.  Data  Available.  Broad  Creek  Dam  was  designed  by  Whitman, 
Requardt  and  Associates  daring  1947  and  was  constructed  during  the  winter 
of  1947  -  1948.  The  only  engineering  data  available  for  the  design  of 
the  dam  is  contained  on  plans  entitled  "Boy  Scout  Dam  on  Broad  Creek, 

July  1947".  Limited  subsurface  explorations  and  brief  soil  descriptions 
are  shown  on  the  plans.  These  drawings,  and  drawings  for  a  bridge  over 
the  spillway  prepared  by  W.L.  Newberry  in  1965,  are  presented  in  Appendix 
C,  "Location  Map  and  Plans". 

b.  Design  Features. 

1.  Embankment  -  The  design  drawings  indicate  the  earthen 
embankment  to  be  constructed  in  two  zones  with  "selected  fill"  placed 
as  an  impervious  core  to  a  level  three  feet  below  the  top  of  embankment. 

The  impervious  core  was  designed  with  a  1  horizontal  to  1  vertical  slope 
configuration  and  a  top  width  of  3  feet.  A  concrete  cutoff  wall, 
approximately  4  feet  in  height,  is  located  at  midsection  of  the  base  of 
the  impervious  core  and  extends  approximately  1  foot  into  undisturbed 
soil.  The  remainder  of  the  embankment  was  constructed  from  common  borrow 
apparently  obtained  in  the  pool  area  adjacent  to  the  dam.  The  embankment 
was  constructed  at  a  2  horizontal  to  1  vertical  upstream  and  downstream 
slope  configuration  with  a  15  foot  top  width  at  elevation  190. 

2.  Overflow  Spillway  -  The  major  portion  of  the  dam  consists 
of  a  concrete  gravity  ogee  type  overflow  section  180  feet  in  length  and 
approximately  25  feet  in  height  at  the  maximum  section  with  the  crest  at 
approximate  elevation  178.0.  The  design  drawings  allow  for  both  horizontal 
and  vertical  construction  joints,  but  only  the  vertical  joints  contain 

key  ways.  The  foundation  level  of  the  gravity  section  is  indicated  to  be 
1  to  2  feet  below  the  weathered  rock  horizon. 

At  each  end  of  the  spillway,  gravity  retaining  walls  of  plain 
concrete  support  the  earthen  embankment  and  form  abutments  for  the  bridge 
over  the  spillway.  The  walls  were  designed  in  three  sections  including 
an  upstream  wingwall,  a  middle  bridge  abutment  section,  and  a  downstream 
wingwall,  all  separated  by  expansion  joints.  The  minimum  thickness  of 
wall  is  2  feet  at  the  top  with  uniformly  increasing  thickness  with  depth 
at  a  rate  of  4H  to  12V.  Foundation  material  for  the  retaining  structures 
is  indicated  to  be  rock. 

3.  Appurtenant  Structures  -  A  drain  opening,  4  feet  square, 
extends  through  the  left  side  of  the  overflow  section  from  the  upstream 
face  to  a  control  structure  located  on  the  ogee  section.  The  opening  is 
horizontal  at  elevation  159  and  is  controlled  on  the  downstream  end  by 

a  48  inch  by  48  inch  Chapman  sluice  gate. 

The  drain  was  initially  designed  to  pass  through  the  spillway  at 
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an  acute  angle,  but  this  configuration  was  altered  during  construction  to 
a  position  perpendicular  to  the  axis  of  the  spillway.  The  bridge  over 
the  spillway  is  constructed  of  steel  columns  and  underframing  supporting 
a  timber  deck.  The  details  of  the  bridge  structure  are  shown  on  the 
drawings  in  Appendix  C. 

c.  Design  Data. 

The  only  design  data  consists  of  the  design  drawings.  Embankment 
design,  stability  analyses  and  structural  computations  for  the  dam, 
retaining  walls,  and  bridge  structure  are  not  available. 

2.2  Construction.  The  only  construction  data  available  is  contained 
on  a  design  plan  and  profile  drawing.  Sheet  3  of  7,  marked  in  red  pencil 
indicating  the  limits  and  dates  of  concrete  pours  and  the  foundation  rock 
profile  encountered. 

2.3  Operation.  Formal  operating  records  have  not  been  maintained. 
According  to  correspondence  in  the  files  of  the  Water  Resources  Admin¬ 
istration,  the  reservoir  is  drained  annually  during  the  winter  months. 

2.4  Evaluat ion: 

a.  Availability.  Design  plans  for  the  dam  and  bridge  structure 
constitute  the  engineering  data  and  are  available  in  the  files  of  the 
State  of  Maryland  Department  of  Natural  Resources,  Water  Resources 
Administration. 

b.  Adequacy . 

1.  Hydrology  and  Hydraulics  -  The  original  design  consider¬ 
ations  are  unavailable.  Refer  to  Section  5,  Hydrology  and  Hydraulics  and 
Appendix  E. 


2.  Embankment  -  The  embankment  portions  of  the  dam  are 
limited  in  extent,  low  in  height,  and  detailed  engineering  design  analyses 
are  unwarranted.  Considering  the  details  on  the  design  drawings,  the 
available  engineering  data  is  considered  to  have  adequately  addressed 
embankment  design. 

3.  Overflow  Spillway  -  Design  data  for  the  gravity  spillway 
section  is  limited  to  dimensions  and  locations  as  shown  on  the  design 
drawings.  This  data  alone  does  not  adequately  assess  the  stability  of  the 
dam  and  limited  stability  calculations  have  been  performed  for  the  Phase  I 
report.  Refer  to  Section  6  and  Appendix  E. 

4.  Appurtenant  Structures  -  Design  data  for  the  appurtenant 
structures  is  limited  to  that  shown  on  the  design  drawings.  Structural 
computations  for  the  bridge  over  the  spillway  were  not  available  for 
review. 
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c.  Operating  Records.  Operating  procedures  are  unwritten  and  could 
not  therefore  be  assessed  relative  to  stability  of  the  dam. 

d.  Post  Construction  Changes.  Subsequent  to  completion  of  the  dam, 
a  bridge  was  constructed  over  the  spillway.  No  design  computations  for 
the  bridge  or  the  effect  of  the  bridge  loading  on  the  spillway  were 
available  for  review.  Additional  minor  post  construction  changes 
consist  of  the  installation  of  a  half  section  of  corrugated  metal  pipe 
around  the  drain  inlet  in  an  attempt  to  prevent  sediment  laden  discharges 
downstream  and  the  attachment  of  a  small  diameter  water  supply  pipe  to 

the  backwall  of  the  spillway. 

e.  Seismic  Stability.  The  dam  is  located  in  seismic  zone  1  and 
static  stability  with  normal  factors  of  safety  should  be  sufficient  to 
withstand  minor  earthquake  induced  dynamic  forces. 


mi .i  i  upwa 


SECTION  3 
VISUAL  INSPECTION 


3.1  Findings 

a.  General.  The  dam  and  its  appurtenant  structures  were  found 
to  be  in  good  overall  condition  at  the  time  of  the  inspection,  July  13, 
1979.  The  complete  visual  inspection  check  list  is  presented  in 
Appendix  A. 


b.  Embankment . 

1.  The  embankment  is  limited  to  abutment  areas  and  appears 
uniform  and  stable  with  no  indication  of  cracking, 
settlement  of  differential  movement. 

2.  Loss  of  vegetative  cover  and  minor  erosion  due  to  foot 
traffic  was  observed  on  the  downstream  face  of  each 
abutment  embankment.  At  the  downstream  toe  of  the 
embankment  at  the  right  abutment ,  measureable  erosion 
gullies  have  formed  due  to  concentrated  surface  runoff 
from  adjacent  roadways. 

3.  Woody  vegetation  was  observed  on  all  the  embankment 
slopes . 

c.  Overflow  Spillway. 

1.  A  concrete  gravity  overflow  spillway  forms  the  major 
portion  of  the  dam  and  this  structure  was  observed 

to  be  stable  with  no  indications  of  major  movement  or 
distress. 

2.  The  concrete  surface  of  the  ogee  spillway  was  in  good 
overall  condition,  but  numerous  spalls,  2  to  5  inches 
in  depth,  were  detected  on  the  lower  portion  of  the 
spillway  at  construction  joints. 

3.  The  construction  joints  were  generally  rough  and  one 
horizontal  joint  on  the  left  side  of  the  spillway  was 
open  approximately  one-quarter  to  one-half  inch. 

Upon  inserting  a  probe  approximately  15  inches  into 
the  joint,  silt  issued  forth. 

4.  A  quantity  of  large  timber  debris  has  collected  at  each 
side  of  the  spillway  near  the  abutment  walls. 

5.  The  abutment  walls  contain  minor  hairline  cracks  but 
are  well  aligned  with  no  indication  of  deleterious 
movement  or  distress.  The  concrete  and  expansion 
joint  material  are  in  good  condition. 
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6. 


Broken  rock  foundation  material  for  the  downstream 
abutment  wing  wall  on  the  right  side  of  the  spillway 
has  been  eroded  such  that  only  about  50  per  cent  of 
the  bearing  area  remains  beneath  the  last  15  feet  of 
wall.  The  source  of  erosion  appears  to  be  the  con¬ 
centrated  surface  runoff  from  adjacent  roadways  and 
high  discharges  over  the  spillway. 

d.  Appurtentant  Structures. 

1.  The  drain  opening  sluice  gate  on  the  left  side  of  the 
ogee  spillway  section  leaks  considerably  due  to 
improper  seating  of  the  gate.  Although  the  gate 
operation  was  not  demonstrated  during  the  field 
inspection,  the  reservoir  was  drained  within  the  past 
year  and  the  gate  is  assumed  to  be  functional. 

Access  to  the  gate  control  is  by  boat  and  during 
periods  of  heavy  spillway  discharge,  operation  of  the 
gate  will  not  be  possible. 

2.  The  bridge  structure  over  the  spillway  appears  to  be 
in  good  condition.  Judging  from  the  relatively  light 
structural  members,  the  bridge  has  a  low  capacity  but 
no  weight  limits  were  posted. 

e.  Reservoir  Area.  The  reservoir  slopes  are  gently  rolling 
and  reasonably  well  vegetated.  Some  erosion  was  noted  along  the  shore 
line  and  in  beach  areas.  Although  the  area  surrounding  the  reservoir 
appears  stable,  a  history  of  sedimentation  problems  has  been  established 
over  the  last  decade. 

f.  Downstream  Channel.  Discharge  from  the  overflow  spillway 
flows  into  a  "stilling  basin"  formed  in  the  natural  stream  channel 

by  an  accumulation  of  boulders  75  feet  below  the  dam.  The  streambanks 
just  below  the  dam  are  undercut  and  sloughing  into  the  sides  of  the 
channel.  The  first  mile  of  downstream  reach  consists  of  woodland,  but 
the  next  2  miles  to  the  Susquehanna  River  are  developed  with  more  than 
50  dwellings  and  summer  cottages  and  the  Maryland  route  623  bridge 
over  Broad  Creek.  In  the  event  of  a  dam  failure  these  dwellings  would 
be  affected  and  a  hazard  category  of  "high"  appears  appropriate. 

3.2  Evaluation. 

a.  Embankment .  The  footpaths  and  minor  erosion  on  the  downstream 
faces  of  the  abutment  embankments  could  provide  preferential  flow 
paths  and  serious  erosion  in  the  event  of  overtopping.  These  areas 
should  be  stabilized  with  vegetation  and  foot  traffic  discouraged. 

The  gully  at  the  downstream;  toe  of  the  right  abutment  embankment  should 
be  repaired  and  stabilized  by  controlling  the  surface  runoff  from  the 
road  areas.  Woody  vegetation  on  the  embankment  slopes  should  be  removed. 
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b.  Overflow  Spillway.  Although  the  spalls  in  the  ogee  spillway 
face  do  not  presently  affect  the  stability  of  the  structure,  they  should 
be  repaired  to  prevent  accelerated  deterioration  of  the  concrete. 

The  open  construction  joint  on  the  left  side  of  the  spillway  apparently 
extends  through  the  dam  to  the  silt  laden  pool  water.  The  stability 
analyses  in  Section  6  and  Appendix  E,  however,  suggest  that  the 
effect  of  the  open  joint  upon  stability  is  negligible.  The  debris 
accumulated  on  the  spillway  should  be  removed  to  maintain  maximum 
available  flow  capacity. 

The  abutment  wing  wall  on  the  right  downstream  side  of  the 
spillway  could  become  unstable  at  any  time  pending  additional  removal  of 
foundation  material.  The  foundation  should  be  stabilized  and  the 
eroded  bearing  area  restored.  Surface  runoff  should  be  controlled  and 
directed  away  from  the  structural  elements  of  the  dam. 

c.  Appurtenant  Structures.  The  leak  in  the  drain  opening  sluice 
gate  should  not  affect  the  stability  of  the  dam  at  this  time.  The  gate, 
however,  should  be  repaired  to  ensure  continued  good  operation. 

According  to  the  design  plans  in  Appendix  C,  the  bridge  over  the  spill¬ 
way  was  designed  for  a  5  ton  truck  and  the  structure  should  be  appro¬ 
priately  posted  to  prevent  loss  of  both  the  bridge  and  spillway  capacity. 
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SECTION  4 

OPERATIONAL  PROCEDURES 


4.1  Procedure.  The  purpose  of  the  dam  is  to  provide  recreation  for 
the  Broad  Creek  Memorial  Boy  Scout  Camp.  Discharges  to  the  downstream 
areas  are  uncontrolled  via  the  overflow  spillway.  Although  the  pro¬ 
cedures  are  unwritten,  the  drain  gate  is  operated  annually  to  drain  the 
reservoir  during  the  winter  months. 

4.2  Maintenance  of  the  Dam.  The  Baltimore  Area  Council  of  the 
Boy  Scouts  of  America  is  responsible  for  the  maintenance  of  the  dam. 

No  written  maintenance  program  has  been  established  and  the  general 
appearance  of  the  dam  and  appurtenances  Indicates  the  present  level  of 
maintenance  to  be  marginal. 

4.3  Maintenance  of  Operating  Facilities.  The  leaking  drain  gate 
suggests  that  maintenance  of  the  operating  facilities  is  marginal. 
Adoption  of  a  written  operating  and  maintenance  policy  should  preclude 
similar  conditions  in  the  future. 

4.4  Warning  System.  There  is  no  formal  warning  system  in  effect. 

4.5  Evaluation.  The  existing  operation  and  maintenance  procedures 
do  not  indicate  conscientious  effete  to  maintain  the  dam.  Implementation 
of  written  operation  and  maintenance  procedures,  including  a  formal 
warning  system  for  downstream  residents,  is  recommended  to  ensure  the 
good  condition  and  safe  operation  of  the  dam. 
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SECTION  5 


HYDRAULICS  AND  HYDROLOGY 


5.1  Evaluation  of  Features. 

a.  Design  Data.  Broad  Creek  Dam  has  a  watershed  area  of 
30.99  square  miles  and  impounds  a  reservoir  with  a  surface  area  of 
approximately  40.2  acres.  The  overflow  spillway  can  safely  discharge 
28,957  cfs.  No  hydrologic  or  hydraulic  design  data  were  available  for 
the  preparation  of  this  report. 

b.  Experience  Data.  No  rainfall,  runoff,  or  reservoir 
level  data  were  available  for  review.  The  spillway  has  operated 
satisfactorily  to  date  and  the  maximum  pool  elevation  reported  by 
operating  personnel  occurred  during  Hurricane  Agnes  in  June,  1972. 

No  stage  or  discharge  data  for  this  event  are  available  at  the  dam. 

c.  Visual  Observations.  On  the  date  of  the  inspection,  timber 
debris  clogged  the  left  and  right  sides  of  the  overflow  spillway  which 
could  reduce  the  available  flow  capacity.  Otherwise,  the  inspection 
revealed  no  conditions  that  would  indicate  the  spillway  could  not 
operate  satisfactorily  in  the  event  of  a  flood. 

d.  Overtopping  Potential.  As  previously  stated.  Broad  Creek 
Dam  is  classified  as  a  small  size  dam  in  the  high  hazard  category. 

Under  the  recommended  criteria  for  evaluating  spillway  discharge 
capacity,  such  structures  are  required  to  pass  one  half  to  full 
Probable  Maximum  Flood  (PMF) .  Since  there  exists  a  high  concentration 
of  dwellings  downstream,  full  PMF  is  recommended  as  the  spillway 
design  flood.  Various  percentages  of  the  PMF  inflow  hydrograph  were 
routed  through  the  reservoir  to  determine  the  percentage  of  PMF 

inflow  that  the  dam  can  pass  without  overtopping.  The  analyses  indi¬ 
cate  that  the  502  PMF  level  can  be  discharged  without  overtopping  the 
embankment  portions  of  the  dam. 

e.  Spillway  Adequacy.  Since  the  spillway  can  just  pass  502 
PMF,  an  analysis  was  performed  to  determine  the  stability  of  the  concrete 
spillway  portion  of  the  dam  (refer  to  Section  6  and  Appendix  E) .  Under 
PMF  loading,  the  spillway  was  found  to  be  stable.  Under  PMF  flow 
conditions,  the  embankment  portions  of  the  dam  at  the  abutments  would  be 
susceptible  to  erosion  and  failure,  but  the  breach  width  would  be  small 
compared  to  the  full  length  of  the  dam.  The  breach  analysis  presented 

in  Appendix  E  indicates  that  no  significant  increase  of  loss  of  life 
would  occur  in  the  event  of  the  embankment  failure.  Consequently,  the 
spillway  is  judged  to  be  inadequate,  but  additional  studies  and  remedial 
work  to  increase  spillway  capacity  are  judged  to  be  unnecessary. 

f.  Downstream  Conditions.  As  previously  discussed  in  Section 
3,  damages  to  downstream  dwellings  and  a  State  road  are  likely  in  the 
event  of  complete  dam  failure.  Due  to  the  concentration  of  dwellings 
along  the  stream  banks  loss  of  life  is  probable. 


SECTION  6 

STRUCTURAL  STABILITY 


6.1  Evaluation  of  Structural  Stability: 

a.  Visual  Observations. 

1.  Embankment  -  The  embankment  portions  of  the  dam  are 
relatively  shallow  and  constructed  at  a  2H:1V  configuration.  Visual 
observations  did  not  reveal  any  cracks  or  movement  and  the  embankment 
slopes  are  judged  to  be  stable  under  normal  operating  conditions.  Woody 
vegetation  was  observed  on  all  embankment  slopes  and  minor  erosion  was 
detected  on  the  left  and  right  downstream  slopes  due  to  foot  traffic. 

A  gully,  1  to  2  feet  in  depth,  has  been  formed  along  the  downstream  toe  of 
the  right  embankment  due  to  concentrated  runoff  from  adjacent  roadways. 
Although  the  woody  vegetation  and  the  minor  slope  erosion  do  not 
presently  affect  the  stability  of  the  dam,  these  items  should  be 
remedied  before  problems  develop.  As  noted  below  in  Section  6.1. a. 3, 
the  concentrated  runoff  has  contributed  to  undermining  of  the  right 
downstream  wingwall. 

2.  Overflow  Spillway  Section  -  The  concrete  overflow 
spillway  appeared  stable  with  no  indication  of  differential  movement, 
distress,  or  major  deterioration.  The  downstream  spillway  face  con¬ 
tains  numerous  spalls,  1  to  2  Inches  in  depth,  distributed  over  the 
face  at  construction  joints.  At  the  left  side  of  the  spillway,  a 
horizontal  construction  joint  was  open  approximately  1/4  to  1/2  inch  at 
the  face.  The  open  joint  was  probed  to  a  depth  of  15  inches  and  yielded 
a  fine  silt  at  that  depth  suggesting  that  the  open  joint  extends  to 

the  upstream  face  of  the  spillway.  Although  the  open  joint  might  lead 
to  increased  sliding  potential  and  increased  uplift  pressures,  the 
stability  analysis  in  Appendix  E  suggests  that  the  effect  will  be 
insignificant. 


Highly  fractured  rock  foundation  material  of  the 
downstream  concrete  wingwall  at  the  right  spillway/ embankment  abutment 
has  been  severely  eroded  such  that  approximately  50%  of  the  bearing 
area  has  been  removed  beneath  the  downstream  15  feet  of  wall.  The 
cause  of  the  erosion  appears  to  be  a  combination  of  high  spillway 
discharges  and  concentrated  surface  runoff  from  roadways  which  is 
collected  and  flows  along  the  downstream  toe  of  the  embankment  at  the 
right  side  of  the  dam.  Although  no  cracking  or  movement  was  detected 
in  the  concrete,  continued  removal  of  foundation  material  could  lead 
to  failure  of  the  wall  and  a  small  portion  of  the  downstream  embankment 
retained  by  the  wall. 

3.  Appurtenant  Structures  -  The  only  appurtenant 
structures  associated  with  the  dam  are  the  drain  opening  through 
the  left  side  of  the  spillway,  the  drain  gate  valve  on  the  downstream 
face  and  the  bridge  over  the  spillway.  The  drain  gate  valve  leaks 
considerably  but  this  condition  should  not  affect  the  stability  of  the 
dam.  The  bridge  structure  consists  of  steel  columns,  steel  under¬ 
framing  and  timber  deck  which  appear  to  be  in  good  condition. 


b.  Design  and  Construction  Data:  The  only  design  data 
available  for  the  dam  consists  of  the  design  drawings.  Limited  con¬ 
struction  data  was  obtained  from  a  field  marked  copy  of  SHEET  3  of  7 

of  the  design  drawings  showing  the  as-built  configuration  of  the  founda¬ 
tion  rock  line,  the  overflow  spillway,  drain  opening,  and  concrete 
pours  for  the  spillway.  Design  drawings  with  load  assumptions  are 
available  for  the  bridge  over  the  spillway  but  no  design  computations 
or  construction  records  were  found  during  the  data  review. 

Considering  the  lack  of  original  design  computations, 
stability  analyses  were  performed  for  the  concrete  overflow  section 
at  each  joint  at  the  maximum  section.  The  loadings  considered  were 
PMF  flow  conditions,  normal  pool  load  plus  ice,  silt  load,  and  uplift. 
The  analyses  and  assumptions  utilized  to  perform  the  analyses  are 
presented  in  Appendix  E  and  the  results  indicate  the  overflow  section 
to  be  stable  for  both  normal  conditions  and  PMF  loading.  According  to 
the  geology  report.  Appendix  F,  the  rock  at  the  toe  of  the  spillway  is 
suspected  to  be  erodible  under  high  flow.  However,  considering  the 
position  of  the  resultant  at  foundation  level  during  PMF,  approximately 
16  feet  of  material  would  have  to  be  eroded  before  the  dam  became 
unstable.  This  amount  of  erosion  is  considered  unlikely. 

c.  Operating  Procedures.  Detailed  operating  procedures 
are  unwritten  and  were  unavailable  for  review.  According  to  corre¬ 
spondence  in  the  Water  Resources  Administration  files,  the  reservoir 

is  emptied  on  an  annual  basis  during  the  winter  months.  This  operation 
should  not  affect  the  stability  of  the  dam. 

d.  Post  Construction  Changes.  Post  construction  changes 
consist  of  the  construction  of  a  roadway  bridge  over  the  spillway  in 
1965  and  the  installation  of  a  half  section  of  corrugated  metal  pipe 
around  the  drain  intake  to  prevent  sediment  discharges  downstream. 

Also,  a  small  diameter  water  supply  pipe  was  installed  on  the  upstream 
face  of  the  spillway  just  below  the  crest. 

e.  Seismic  Stability.  Broad  Creek  Dam  is  located  in  seismic 
zone  1  and  seismic  stability  is  predicated  upon  static  stability  with 
conventional  margins  of  safety.  The  static  stability  is  considered 
sufficient  to  withstand  minor  earthquake  induced  forces. 


13 


SECTION  7 

ASSESSMENT,  REMEDIAL  MEASURES  AND  RECOMMENDATIONS 


7.1  Dam  Assessment: 

a.  Safety.  Based  upon  visual  inspection  and  review  of  design 
and  construction  documents.  Broad  Creek  Dam  appears  to  presently  be  in 
good  overall  condition.  The  foundation  for  the  concrete  abutment  wing 
wall  on  the  downstream  right  side  of  the  spillway  has  been  seriously 
undermined  and  should  be  repaired  immediately  to  ensure  stable  con¬ 
ditions.  Preliminary  hydrologic  and  hydraulic  analyses  indicate  the 
overflow  spillway  is  capable  of  passing  approximately  50  percent  of 
PMF  before  the  earthen  embankments  at  the  abutments  are  overtopped. 

Since  stability  analysis  indicates  the  main  spillway  portion  of  the  dam  to 
be  stable  under  PMF  loading,  only  the  earthen  abutments  are  anticipated 
to  fail  during  overtopping  by  PMF.  A  breach  analysis  assuming  only 
abutment  failure  does  not  Indicate  an  increase  to  loss  of  life  downstream. 
Consequently,  the  spillway  is  judged  to  be  inadequate,  but  additional 
hydraulic  studies  and  remedial  work  to  increase  spillway  capacity  are 
not  necessary. 


b.  Adequacy  of  Information.  The  available  information 
consists  of  design  drawings  and  one  as-built  drawing.  This  data  is 
considered  adequate  to  assess  the  project  for  the  purposes  of  this  Phase 
I  report. 


c.  Urgency.  With  the  exception  of  the  abutment  wing  wall 
foundation  repair  which  should  be  implemented  immediately,  the  recom¬ 
mendations  below  should  be  implemented  as  soon  as  possible. 

d.  Necessity  for  Additional  Studies.  Due  to  the  inadequacy 
of  the  spillway,  detailed  hydrologic  and  hydraulic  analyses  should  be 
performed  to  formulate  appropriate  remedial  modifications. 

7.2  Remedial  Measures  and  Recommendations : 


a.  Dam  and  Appurtenant  Structures. 

1.  Repair  the  downstream  abutment  wing  wall  foundation  at 
the  right  side  of  the  spillway. 

2.  Correct  surface  drainage  concentration  and  erosion  at 
the  toe  of  the  downstream  embankment  slope  at  the  right  abutment. 

3.  Remove  woody  vegetation  from  the  embankment  slopes. 
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4. 


Repair  Che  spalled  concrete  on  Che  overflow  spillway  face. 

5.  Repair  Che  leak  in  Che  sluice  gate  for  Che  reservoir  drain. 

6.  Remove  timber  debris  from  the  spillway. 

7.  Post  weight  limit  on  the  bridge  over  the  spillway, 
b.  Operation  and  Maintenance  Procedures. 

1.  Document  operation  and  maintenance  procedures  in 

writing. 

2.  Develop  a  warning  system  to  warn  downstream  residents 
of  large  spillway  discharges  during  periods  of  heavy  rainfall  and  runoff 
or  failure  of  the  dam. 
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APPENDIX  A 

CHECK  LIST  -  VISUAL  INSPECTION,  SITE  SKETCH,  PHASE  I 


VISUAL  INSPECTION 
PHASE  I 
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FOUNDATION  tion  consists  of  highly  fractured  serpentine.  Fracture  system 

exhibits  relatively  steep  dip  angles.  No  indication  of  seepage 
through  foundation  or  abutment  rock. 


CONSTRUCTION  JOINTS  Construction  joints  rough-minor  spalling  at  edges.  Uppermost  joint 

open  approx.  1/2  to  3/4"- joint  was  penetrated  approx.  12"  by  probe 
at  which  point  silt  was  encountered. 

STAFF  GAGE  AND  RECORDER  NONE 


EMERGENCY  GATE 
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OTHER 
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APPENDIX  B 


CHECK  LIST  -  HYDROLOGIC  AND  HYDRAULIC  ENGINEERING  DATA 

PHASE  I 


DAM  NAME ;  BROAD  CREEK 
ID//  MD:  00017 


CHECK  LIST 

HYDROLOGIC  AND  HYDRAULIC 
ENGINEERING  DATA 


DRAINAGE  AREA  CHARACTERISTICS:  Cropland.  Chester  silt  loam _ 

ELEVATION  TOP  OF  NORMAL  POOL (STORAGE  CAPACITY):  178.0  (327  Ac-Ft) 
ELEVATION  TOP  OF  FLOOD  CONTROL  POOL  (STORAGE  CAPACITY) :  unknown 
ELEVATION  MAXIMUM  DESIGN  POOL:  unknown _ _  _ 


ELEVATION  TOP  OF  DAM:  190.0  (1030  Ac-Ft) 


CRESTS 

a. 

Elevation  178.0 

b. 

Type  concrete  ogee 

c. 

Length  180  feet 

d. 

Location  Spillover  entire  gravity  section  available  for  over- 

flow 

e. 

Number  and  Type  of  Gates  none 

OUTLET  WORKS  (DRAIN): 


a.  Type  4'x4'  Chapman  rectangular  sluice  gate _ _ 

b.  Location  left  center  of  gravity  section  gated  on  downstream  face 

of  ogee _ 

c.  Entrance  Inverts  159.0 _ _ 

d.  Exit  Inverts  159.0  _ 


HYDROMETEOROLOGICAL  GAGES : 


MONITORING  SYSTEMS  none 


POST  CONSTRUCTION 

SURVEY  OF  DAM  none 
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See  sheets  4  and 
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LOCATION  MAP  &  PLANS 
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MARYLAND  GEOLOGICAL  SURVEY 

The  Johns  hopkins  University 
Merrvman  hall 
BALTIMORE.  MARTLANO  2121S 


July  30,  1979 


Mr.  Thomas  J.  Moynahan 
Dam  Security  Division 
Water  Resources  Administration 
Tawes  State  Office  Building 
Annapolis ,  Maryland  21^01 


Dear  Tom: 

On  our  recent  field  investigation  of  the  dam  at  Broad  Creek  Boy 
Scout  Camp,  Harford  County,  I  made  the  following  geological  observations 
and  conclusions: 

The  rock  exposed  at  the  dam  foundations  is  a  very  fine  grained, 
dark  blue-green  to  black  serpentinite ,  buff  to  light  greenish-gray 
colored  on  weathered  surfaces.  The  rock  has  been  tectonically  sheared 
and  shows  an  indistinct,  irregular  foliation  which  is  emphasized  by  the 
presence  of  the  mineral  chlorite.  Enclosed  within  this  sheared  serpenti¬ 
nite  are  knots  up  to  several  feet  across  of  massive,  non-chloritic 
serpentinite.  The  serpentinite  is  resistant  to  weathering.  However,  when 
it  does  decompose  most  of  the  weathering  products  are  soluble  and  are 
removed  by  groundwater.  Very  little  residual  material  remains ,  so  the 
soils  which  form  on  serpentinite  are  very  thin. 

Outcrops  at  the  dam  show  that  the  rock  is  extensively  cut  by  several 
sets  of  Joints.  The  following  joint  sets  were  measured  at  the  south  abut¬ 
ment: 


H69°W,  4t°NE  -  Prominent,  widely-spaced  (0. 2-1.0  meter)  Joints 
N830E,  60-7UoSE  -  Many  closely-spaced  Joints  or  foliation 
HU4-58°W,  l+5-6l°SW  -  Widely-spaced  irregular  and  curving  Joints 
N-S,  35°W  -  Same 

N25°E,  60°NW  -  Medium  to  widely-spaced  Joints 
UL0°E,  60oSE  -  Same 
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At  the  north  abutment: 

N70°W,  46°NE  -  Prominent,  widely-spaced  (0.2  to  1.0  meter) 

Joints.  Some  of  these  joints  have  been  healed 
and  filled  with  an  asbestiform  mineral,  probably 
picrolite 

NS ,  51°E  -  Pervasive,  closely-speaced  joints  or  foliation 
N15°W,  78°E 
N10°W,  75°SW 
N35°W,  60°NE 
n80°E,  50°S 
N50°W,  55°SW 

All  joint  sets  may  have  a  range  in  the  angle  of 

In  general,  the  rock  exposed  at  the  north  abutment 
talcose  than  that  at  the  south  abutment. 

Although  the  rock  is  thoroughly  broken  by  these  joint  sets  the  individual 
blocks  of  rock  all  interlock.  There  is  no  horizontal  Joint  set  parallel  to 
the  land  surface  and  none  of  the  joints  intersect  the  axis  of  the  dam  structure 
in  such  a  way  as  to  present  a  potential  bedrock  failure  surface  in  response  to 
water  pressure  on  the  dam.  However,  blocks  of  bedrock  may  be  plucked  or  lifted 
out  of  place  by  hydraulic  action  and  may  possibly  undermine  the  downstream  toe 
of  the  dam  structure  if  the  dam  is  overtopped  by  large  amounts  of  water  for  a 
prolonged  period. 

Thank  you  for  inviting  me  along  on  your  inspection  tour.  I  hope  that  the 
above  information  Is  satisfactory  and  will  help  you  in  your  report  on  the 
safety  of  the  dam. 


dip  of  +  10°. 
appears  to  be  more 


Sincerely  yours. 


Jonathan  Edwards,  Jr. 
Geologist 
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Wiiuhickon  Formation 

pC*u.  upper  peliuc  achiat,  ckieMg  aibite-chlonte-mu*co- 
nu-guarti  achitt  trilk  a  /nr  Mia  bed*  0/  fine-wrainod, 
laminated  metagragwacke  Albit*  pofphgrobUisl*  u 
iu  rge  «ia  5  mm  art  common  and  eaptcutUg  pram  ami  ia 
north***  1  part  0/  roual*  Kiulili  and  garnet,  commonly 
chloeitued,  occur  Locate  gs  gracntUme 

pC«g,  metagraywarka,  rAgMatMatip  interbtdded  meta- 
gragteaekt  and  fine-grained  petit*  echini.  Competed 
e hi* fa  of  chlorite,  mumeoeiU,  modi*  pfafiadnar,  and 
auarii,  Local tp  contain t  biotite,  garnet,  and  ckloeitoid. 
Graded  bedding  Ltcallg  pre termed  ia  metagragwacke . 
Hock*  containing  more  than  ti  percent  metagragwacke 
mapped  at  pC»g;  thorn  riM  i#u  mapped  or  pCmu 

pCwc.  matarunf  lomarata,  tileet-frmg,  erhittom,  atrodMu 
guarU- pebble  meiacongUmerate  and  guar  trite;  contain* 
•mall  aNutanU  of  rklorUe.  thiaritmd  and  iaaatlr. 
(  Iometg  reermbie*  the  t  ardtg  hirtacougleeaetale,  hut  a a 
a irnctmral  connection  betneen  the  tom  could  be  dem on- 
at  rated 

P c»b,  bouldar  (natai,  thick  bedded  la  mnaam  iialilt 
muecoette-plogiocUee-guarU  meiogtagmeke,  locollu  with 
chlorite  or  garnet;  contama  Unmet  of  metamorpkomd, 
roagtanrraiu-  tandeUme  The  conglomeratic  lenaea  con¬ 
tain  angular  to  rounded  fragment*  of  rein  guarU,  meta- 
gtagrackc,  biottle  achitt,  umphibolUe.  and  yuarta  diorii* 
ia  a  ueaklg  foliated,  feldepathic ,  arenaeeoua  matrix  that 
in  placet  reacmblea  gruniU  or  granitic  gnei**.  pCwt 
can  be  dialinguithed  from  pCwg  onlp  bp  the  presence  of 
conglomeratic  lenten,  the  largeat  of  which  are  thorn  bg  a 
pattern  of  circle  a 

pCwi,  lower  pelitir  achial,  chiegg  bietitc-mumoeite- 
plaaioclaae-quarU  achitt  with  oeceaaorg  garnet,  ataurolite, 
and  kgantU  ia  appropriate  mrtamorphic  nonet;  tilli- 
maniie  occur  a  loeullg,  but  not  ia  mappable  nonet.  Thin 
bed*  of  tugarg  guariute  and  metagragwacke  make  up 
Iran  than  W  percent  of  the  tret  ion.  Grade*  upward  and 
laUrallg  iate  pCwb,  pCwu  and  pOg  Zone*  of  retro- 
grade  chlorite-bearing  achitt  fnirtg  common  but  of 
rrpiuaul  extent  onlg  where  thorn  bg  ___  pattern. 
am  ampktboliu 


Ullramafic  rocks 

Chic  fa  aerpentinile  and  nau<a  10  arAialoar  ootpotoae;  tale- 
carbonate  rock  and  altered  gabbro  art  common  ia  loan 
bodut  Adinalite  achitt,  (atr-ariiaoitlr  arfeiai,  tWoria- 
aeiinoHte  tchmt,  and  black  wall  chlorite  rock  are  deeeioped 
near  wallrock  contucta,  ia  aurrvtr,  conttricUd  arena,  and 
ia  *nnr  aheor  tonca 


